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(57) ABSTRACT 

A semiconductor element is disposed in a recess at the 
bottom of a flanged metallic casing through a solder 
layer. An electrically insulating, molded plate is fixed to 
the casing by having protrusions fitted into holes dis 
posed in opposite flanges of the casing and also two 
opposite L-shaped members abutting against adjacent 
lateral walls of the casing. Six strip-shaped leads buried 
in and extended from the molded plate are arranged to 
be soldered at first ends to associated solder electrodes 
on the exposed surface of the semiconductor element. 
The element and L-shaped members are burried in a 

3826.536/1974 Quinn. 357/81 resinous material molded within the casing. 
3,870,944, 3/1975 Ogawa et al. . 
3,920,114 12/1975 Hodge ................................... 357/72 2 Claims, 4 Drawing Figures 
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SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to improvements in a semicon 
ductor device, and more particularly to a structure of a 
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semiconductor device in which a plurality of external 
connection electrodes of a semiconductor element in 
volved can led to easily handled external terminals. 

Conventional semiconductor devices of the type re 
ferred to have comprised a semiconductor element in 
cluding a plurality of solder electrodes for external 
connection, a metallic base plate for carrying the semi 
conductor element, a plurality of rod-shaped external 
terminals extended and sealed through the base plate 
around the semiconductor element, one for each solder 
electrode. The external terminals are electrically insu 
lated from the base plate through glass seals and are 
connected through strip-shaped leads to the associated 
solder electrodes by soldering. A metallic cap is welded 
to the base plate to protect the semiconductor element 
against the atmosphere. 

In conventional semiconductor devices such as de 
scribed above, the use of the glass seal has rendered the 
base plate expensive and soldering has been effected at 
many positions, resulting in a decrease in reliability of 
the product. Also the strip-shaped leads inevitably have 
been positioned on the associated solder electrodes by 
hand labor resulting in an increase in assembling ex 
pense. In addition, a welder has been required to weld 
the protective cap to the base plate. This has meant that 
the assembling equipment involved has been large 
scaled. 
Accordingly it is an object of the present invention to 

provide a new and improved encapsulated semiconduc 
tor device including a semiconductor element provided 
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on a surface thereof with a plurality of solder electrodes 
led to the exterior of the device through strip-shaped 
leads which serve also as external terminals, thereby to 
decrease the number of soldering connections required 
and to increase reliability of the device. 

It is another object of the present invention to pro 
' vide a new and improved encapsulated semiconductor 
device which easily may be automatically assembled by 
constructing a metallic casing for a semiconductor ele 
ment and an electrically insulating plate disposed on the 
casing so that a plurality of solder electrodes on a semi 
conductor element involved are simultaneously over 
laid with adjacent ends of associated strip-shaped leads 
serving to connect the solder electrodes to external 
devices merely by fitting the electrically insulating plate 
into the metallic casing. 

It is still another object of the present invention to 
provide a new encapsulated semiconductor device 
wherein the solder is significantly improved by con 
structing a metallic casing, for a semiconductor element 
involved and an electrically insulating plate disposed on 
the metallic casing so that the semiconductor element is 
positioned in the metallic casing and the electrically 
insulating plate positions the metallic casing thereby to 
permit associated components to be connected to one 
another without positional deviations. 

SUMMARY OF THE INVENTION 
The present invention provides a semiconductor ele 

ment including a pair of opposite main surfaces, a plu 
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rality of solder electrodes for external connection dis 
posed on the semiconductor element, one of the solder 

2 
electrodes being disposed on one of the main surfaces of 
the semiconductor element, the remaining solder elec 
trodes being disposed in a predetermined pattern on the 
other main surface of the semiconductor, element. A 
metallic casing includes a positioning recess and female 
fitting means and forms a heat sink, and the semiconduc 
tor element is disposed in the positioning recess. A plu 
rality of resilient strip-shaped leads are connected at 
first ends thereof to respective of the solder electrodes. 
An electrically insulating plate is formed by molding a 
heat resisting, electrically insulating resinous materialso 
that the plate includes male fitting means capable of 
being fitted into the female fitting means of the metallic 
casing, and the remaining portions of the strip-shaped 
leads are buried therein except for second end portions 
extending externally thereof. An amount of a resinous 
material is molded within the metallic casing to encap 
sulate the semiconductor element with the casing, the 
arrangement being such that the male fitting means on 
the electrically insulating plate are fitted into the female 
fitting means in the metallic casing, thereby to fix the 
electrically insulating plate to the metallic casing and 
cause the strip-shaped leads to hold resiliently the semi 
conductor element within the positioning recess on the 
metallic casing, following by soldering of the solder 
electrodes to the metallic casing and the strip-shaped 
leads. 

BRIEF DESCRIPTION OF THE DRAWENGS 

The present invention will become more readily ap 
parent from the following detailed description taken in 
conjunction with the accompanying drawings in which: 

FIG. It is a sectional view of a conventional encapsu 
lated semiconductor device; 
FIG. 2 is a plan view of the arrangement shown in 

FIG. 1 with the protective cap as shown in FIG. 1 
removed; 
FIG. 3 is a sectional view of one embodiment accord 

ing to the encapsulated semiconductor device of the 
present invention; and 
FIG. 4 is a plan view of the arrangement shown in 

FIG.3 as viewed from the top thereof before the metal 
lic casing is charged with resinous material as shown in 
FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIGS. 1 and 2 of the drawings, 
there is illustrated a hermetically enclosed semiconduc 
tor device of the conventional construction with a plu 
rality of solder electrodes for external connection. The 
arrangement illustrated comprises a square semiconduc 
tor element 10 disposed on a metallic base plate or bed 
plate through one of a plurality of solder electrodes 14. 
The metallic bedplate 12 serves as a combined heat sink 
and fitting plate and includes a plurality of holes dis 
posed therein at predetermined equal angular intervals 
about a circle encircling the semiconductor element 10. 
The number of holes is equal to that of those solder 
electrodes 14 located on the upper surface, as viewed in 
FIG. 1 of the semiconductor element 10 to be similar in 
pattern to the holes. In the example illustrated six holes 
extend through the bedplate 12 at equal angular inter 
vals of 60 degrees around the element 10. Then an exter 
nal terminal 16 in the form of a rod is extended and 
sealed through each hole by means of glass seal 18 fill 
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ing that hole. Thus the external terminals 16 are electri 
cally insulated from the bedplate 12. 
As seen from FIGS. 1 and 2, each of a plurality of 

strip-shaped leads 20 includes both ends preliminarily 
coated with a soldering agent and is fixedly secured at 5 
one end to an associated one of the solder electrodes 14 
on the upper surface of the semiconductor element and 
at the other end to a mating one of the external termi 
nals 16 through a solder layer also designated by the 
reference numeral 14. 10 
Then a protective cap 22 is hermetically secured to 

the upper surface as viewed in FIG. 1 of the bedplate 12 
to enclose hermetically the semiconductor element 10 
therein. 
The bedplate 12 is provided at either end with a 15 

mounting hole 22 for mounting the arrangement shown 
in FIGS. 1 and 2 to any suitable component (not 
shown). 
The solder electrodes 14 serve to connect the ar 

rangement shown in FIGS. 1 and 2 to an external device 
or devices and the number of the external terminals 16 
and therefore the leads 20 is equal to that of the solder 
electrodes 14 located on the upper surface of the semi 
conductor element 10. In this case, that number is six 
(6). 

In order to assemble the arrangement shown in 
FIGS. 1 and 2, the semiconductor element 10 is put in 
place on the bedplate 12 having the external terminals 
16 extended and sealed therethrough by means of the 
glass seals 18 fitting the respective holes. Then a hot 
plate or a furnace is used to solder the semiconductor 
element 10 to the bedplate 12. Subsequently, the six 
strip-shaped leads 20 are positioned to connect the sol 
der electrodes 14 on the upper surface of the semicon-35 
ductor element 10 with respective terminals 16, after 
which those electrodes 14 and the external terminals 16 
are soldered to the mating leads 20 by using a hot plate 
or a furnace which may be the same as that used to 
connect the semiconductor element 10 to the bedplate 40 
12. Following this the protective cap 22 is welded to the 
bedplate 12 in an atmosphere of an inert gas in order to 
protect the semiconductor element 10 and the strip 
shaped leads 20 against the atmosphere. 

Conventional semiconductor devices such as shown 45 
in FIGS. 1 and 2 have been disadvantageous in that the 
bedplate 12 is expensive because a glass seal 18 is used to 
fix each of the external terminals 16 to the bedplate 12 
and electrically insulate it from the latter. Also, since 
the solder electrodes 14 on the upper surface of the 50 
semiconductor element 10 are connected to the associ 
ated external terminals 16 through strip-shaped leads 20, 
soldering is required to be effected at both ends of the 
leads 20, in addition to the soldering of the solder elec 
trode 14 on the lower surface of the element 10 to the 55 
bedplate 12. In the example illustrated a total of thirteen 
soldering connections is required. In other words, the 
number of connecting positions is relatively great and 
the reliability of the resulting device accordingly is 
lowered. 60 

Further the strip-shaped leads 20 have been sepa 
rately handled so that it has been difficult to position 
and arrange such leads automatically, and inevitably 
manual work has been required, resulting in an expen 
sive assembly. In addition, a welder has been required 65 
to weld the protective cap 22 to the bedplate 12. There 
fore, the equipment used in assembling the semiconduc 
tor device has been larged-scaled. 
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Referring now to FIGS. 3 and 4, there is illustrated 

one embodiment according to the encapsulated semi 
conductor device of the present invention. The arrange 
ment illustrated comprises a flanged metallic casing 30 
of a square cross section including one open side, a pair 
of tapered flanges extending in opposite directions from 
opposite edges of the open side, and a pair of fitting 
holes 32 disposed in end portions of respective of the 
flanges. The metallic casing 30 serves also as a heat sink 
and includes at the bottom a shallow recess 34 for posi 
tioning a semiconductor element 10. 

It is assumed that the semiconductor element 10 is 
square and includes six solder electrodes for external 
connection disposed on the upper surface thereof and 
one solder electrode disposed on the lower surface 
thereof in the same manner as that shown in FIGS. 1 
and 2. As shown best in FIG. 3, the semiconductor 
element 10 is fixedly located in the positioning recess 34 
similar in shape to the same through the lower solder 
electrode 14. 
The flanged casing 30 is overlaid with an electrically 

insulating plate 36 identical in outer profile to casing 30 
and including a central circular opening 38 having a 
diameter greater than the diagonal of the semiconduc 
tor element 10 and pair of protrusions 40 complemen 
tary in shape to the fitting holes 32 in the casing 30 and 
snugly fitted into the latter. Each of the protrusions 40 
includes a mounting hole 22 as described above in con 
junction with FIGS. 1 and 2 extending centrally there 
through. The electrically insulating plate 36 further 
includes a pair of L-shaped members 42 dependent from 
the main plate body so as to be tangent to a circle defin 
ing the central opening 38 at those points thereof lying 
on the longitudinal axis of the plate 36 and to abut 
against the opposite lateral walls of the casing 30. Each 
of the L-shaped members 42 terminates at one leg of the 
"L' directed radially inward and short of the bottom of 
the casing 30. 
As shown best in FIG. 4, six strip-shaped resilient 

leads extend radially and downward from the periph 
eral surface of the central opening 38 and at equal angu 
lar intervals so that the longitudinal axes thereof pass 
through the centers of the associated solder electrodes 
14 on the upper surface of the semiconductor element 
10. The ends of the strip-shaped leads 20 are preliminar 
ily coated with a soldering agent and are bent to be 
connected to respective of the solder electrodes 14 on 
the upper surface of the semiconductor element 10. The 
strip-shaped leads 20 include respective intermediate 
portions buried in the electrically insulating plate 36 and 
suitably turned around the central opening 38 therein, 
and the other end portions of leads 20 are protruded at 
predetermined equal intervals from the central portion 
of one side, in this case the lower side as viewed in FIG. 
4, of the plate 36. 
The electrically insulating plate 36 is prepared by 

molding a heat resisting, electrically insulating resinous 
material into a configuration as described above with 
the strip-shaped leads 20 located at predetermined posi 
tions therein by means of an associated mold. 

In order to assemble the arrangement shown in 
FIGS. 3 and 4, the semiconductor element 10 is placed 
in the positioning recess 34 on the metallic casing 30 
with the lower solder electrode 14 put at the bottom of 
the recess 34. Then the electrically insulating plate 36 
with the strip-shaped leads 20 is disposed on the metallic 
casing 30 by having the protrusions 40 thereof fitted 
into the fitting holes 32 in the casing 30. At that time, 
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the L-shaped members, 42 abut against the adjacent 
lateral walls of the casing, 30 to fix the plate 36 to the 
casing and simultaneously the semiconductor element is 
resiliently carried between the recess 34 at the bottom 
of the casing 30 and first ends of the strip-shaped leads 
20 through the solder electrodes 14 as shown in FIG. 3. 

Thereafter a hot plate or a furnace is used to solder 
simultaneously the solder electrodes 14 on the element 
10 to the metallic casing 30 and the first ends of the 
leads 20. 

Subsequently a suitable resinous material 44 is 
charged into a space defined by the electrically insulat 
ing plate 36 and the metallic casing 30 through central 
opening 38 and is molded in the space to encapsulate the 
semiconductor element 10 with the metallic casing 30 
and simultaneously bury the L-shaped members 42 of 
the electrically insulating plate 36 therein, resulting in 
the complete fixing of the electrically insulating plate 36 
to the metallic casing 30. 
The present invention has several advantages. Fo 

instance, the example illustrated includes only seven 
soldering positions or connections because the solder 
electrodes on the upper surface of the semiconductor 
element are led to the exterior of the device through the 
strip-shaped leads, and those leads also serve as external 
terminals. Therefore, the number of soldering positions 
is decreased by about one half compared to the number 
previously required and the reliability of the unit is 
increased accordingly. Also since the strip-shaped leads 
are partially buried in the electrically insulating plate, 
the six leads can be simultaneously positioned on the 
associated solder electrodes on the semiconductor ele 
ment merely by fitting the electrically insulating plate 
into the metallic casing. Therefore the assembly opera 
tion readily can be made automatic to decrease the 
assembling cost. In addition, the semiconductor element 
can be positioned in the recess at the bottom of the 
metallic casing and the electrically insulating plate can 
be positioned by the L-shaped members thereof so that 
the protrusions of the plate are readily fitted into the 
fitting holes in the casing. This means that the strip 
shaped leads can be connected to the respective solder 
electrodes on the upper surface of the semiconductor 
element, and there will not be any substantial deviation 
of the positions of the leads from the respective solder 
electrodes. 

Further, the equipment required for the assembly 
operation is not particularly required to be large-scaled. 
From the foregoing it is seen that the present inven 

tion provides a semiconductor device excellent in both 
reliability and workability and which can be manufac 
tured inexpensively. Thus the present invention pro 
vides good results with large-sized semiconductor ele 
ments such as high power semiconductor elements. 
While the present invention has been illustrated and 

described in conjunction with a single preferred em 
bodiment thereof it is to be understood that numerous 
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6 
changes and modifications may be resorted to without 
departing from the spirit and scope of the present inven 
tion. For example, the present invention has been de 
scribed in conjunction with six solder electrodes and 
therefore six strip-shaped leads, but it is to be under 
stood that the present invention is not restricted thereto 
or thereby and that the same is equally applicable to any 
desired number other than six of the solder electrodes 
with an equal number of the strip-shaped leads. 
What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor element including a pair of opposite 
main surfaces; 

a plurality of solder electrodes for external connec 
tion disposed on said semiconductor element, one 
of said solder electrodes being disposed on one of 
said main surfaces of said semiconductor element, 
the remaining solder electrodes being disposed in a 
predetermined pattern on the other main surface of 
said semiconductor element; 

a metallic casing including a positioning recess and 
female fitting means and forming a heat sink; 

said semiconductor element being disposed in said 
positioning recess; 

a plurality of resilient strip-shaped leads connected at 
first ends thereof to respective of said solder elec 
trodes on said other main surface of said semicon 
ductor element; 

an electrically insulating plate formed by molding a 
heat resisting, electrically insulating resinous mate 
rial so that said plate includes male fitting means 
capable of being fitted into said female fitting 
means in said metallic casing, intermediate portions 
of said strip-shaped leads being buried in said plate, 
and second ends of said strip-shaped leads extend 
ing externally of said plate; and 

a quantity of a resinous material molded within said 
metallic casing to encapsulate said semiconductor 
element with said casing; 

the arrangement being such that said male fitting 
means on said electrically insulating plate fit into 
said female fitting means in said metallic casing, 
thereby to fix said electrically insulating plate to 
said metallic casing and cause said strip-shaped 
leads to hold resiliently said semiconductor ele 
ment in said positioning recess on said metallic 
casing, followed by soldering of said solder elec 
trodes on said semiconductor element to said me 
tallic casing and said strip-shaped leads. 

2. A semiconductor device as claimed in claim 1, 
wherein said electrically insulating plate further in 
cludes at least one L-shaped member extending into said 
metallic casing, and said L-shaped member is buried in 
said resinous material molded within said metallic cas 
ing, thereby to fix additionally said electrically insulat 
ing plate to said metallic casing. 
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